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Deposition of Polydisperse Particles in a Falkner-Skan Wedge Flow
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Abstract

Deposition of flame-synthesized silica particles onto a target is utilized in optical fiber
preform fabrication processes. The particles are convected and deposited onto the target.
Falkner-Skan wedge flow was chosen as the particle laden flow. Typically the particles are
polydisperse in size and follow a lognormal size distribution. Brownian diffusion, thermophoresis,
and coagulation of the particles were considered and effects of these phenomena on particle
deposition were studied. A moment model was developed in order to predict the particle number
density and the particle size distribution simultaneously. Particle deposition with various wedge
configurations was examined for conditions selected for a typical VAD process. When coagula-
tion was considered, mean particle size and its standard deviation increased and particle number
density decreased, compared to the case without coagulation. These results proved the fact that
coagulation effect expands particle size distribution. The results were discussed with characteris-
tics of thermal and diffusion boundary layers. As the boundary layers grow in thickness, overall
temperature and concentration gradients decrease, resulting in decrease of deposition rate and
increase of particle residence time in the flow and thus coagulation effect.
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Table 1 Particle number deposition rates considering diffusion, thermophoresis, and coagulation with ¢
=0[particles/cm? - sec]

Diffusi
o Diffusion Diffusion HHusion
X Diffusion . ] thermophoresis
coagulation thermophoresis ]

coagulation
1/R 9.92x10° 6.61x10° 7.04X%10° 4.91x10°
2/R 7.01%x10° 1.81%10° 4.98x10° 2.71%10°
4/R 4.96x10° 4.83 %10 3.52%10° 1.38x10°

Table 2 Particle number deposition rates considering diffusion, thermophoresis, and coagulation with ¢=1/3

Diffusi
L Diffusion Diffusion iffusion
X Diffusion . ) thermophoresis
coagulation thermophoresis .

coagulation
1/R 1.12%107 9.81x10° 7.40%x10° 5.23%10°
2/R 8.47X10° 3.66 x10° 5.61x10° 3.32x10°
4/R 6.42x10° 1.28 X10° 4.25%10° 1.99%x10°

Table 3 Particle number deposition rates considering diffusion, thermophoresis, and coagulation with ¢=2/3

Diffusi
o Diffusion Diffusion Husion
X Diffusion i ) thermophoresis
coagulation thermophoresis .

coagulation
1/R 1.09x107 8.88x10° 6.95%10° 4.72%10°
2/R 9.14x10° 4.73%x10° 5.85x10° 3.55x10°
4/R 7.69Xx10° 2.56x10° 4.92x10° 2.61%x10°

Table 4 Particle number deposition rates considering diffusion, thermophoresis, and coagulation with =1

Diffusi
o Diffusion Diffusion HHusion
X Diffusion . ) thermophoresis
coagulation thermophoresis A
coagulation
1/R 9.12x10° 4.68x10° 5.70x10° 3.40%10°
2/R 9.12x10° 4.68x10° 5.70x10° 3.40x10°
4/R 9.12x10° 4.68x10° 5.70x10° 3.40%x10°
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